Abstract-This paper proposes two rectangular ring planar monopole antennas for wideband and ultra-wideband applications. Simple planar rectangular rings are used to design the planar antennas. These rectangular rings are designed in a way to achieve the wideband operations. The operating frequency band ranges from 1.85 GHz to 4.95 GHz and 3.12 GHz to 14.15 GHz. The gain varies from 1.83 dBi to 2.89 dBi for rectangular ring wideband antenna and 1.89 dBi to 5.2 dBi for rectangular ring ultra-wideband antenna. The design approach and the results are discussed.
INTRODUCTION
Ultra-Wideband (UWB) technology provides promising solutions for future communication systems due to excellent immunity to multi-path interference, large bandwidth and high speed data rate. A bandwidth from 3.1 GHz to 10.6 GHz was allocated for UWB systems by the Federal Communication Commission (FCC) since 2002. However, there are more challenges in designing a UWB antenna than a narrow band one. A suitable UWB antenna should be capable of impedance match over an ultra-wide bandwidth.
Different techniques are used by researchers to improve the performance and overall efficiency of UWB antennas. In one such attempt, a planar inverted-F antenna was proposed [1] . The maximum gain of the antenna was 5.7 dBi with an optimized size of 40 mm×60 mm×10 mm and achieved 110% of impedance bandwidth. In another technique a planar monopole antenna [2] for new generation mobile and lower band ultra-wide band applications was designed to operate from 1.5 GHz to 5.5 GHz with 114.3% impedance bandwidth. An Ultra-wideband antenna differential wideslot antenna with improved radiation patterns and gains is reported in [3] . Its overall size was optimized to 33.6 mm×29.6 mm×0.635 mm and with the gain values from 1.3 dBi to 4.7 dBi. A novel reversed Tmatch antenna with compact size and low profile for ultra-wideband applications is presented in [4] with maximum gain of 9.14 dBi and the frequency of operation is from 2.89 GHz to 6.5 GHz only. A novel U-slot antenna is presented in [5] with size 67 mm×74 mm×3.175 mm. The novel U-slot antenna is operating from 5.18 GHz to 5.8 GHz with impedance bandwidth of 11.8%. Four U-shaped patch antennas with circular and square ground plane are published in [6] with minimum size 32 mm×32 mm×1.6 mm. The maximum impedance bandwidth achieved was 84.96% from 4.5 GHz to 11.4 GHz and the maximum gain is 4.1 dBi. A compact size UWB antenna is designed in [7] with frequency of operation from 4.2 GHz to 8.5 GHz with a size of 30 mm×34 mm×1.575 mm. A reflector is used to achieve the high gain. A microstrip UWB antenna is presented in [8] with size of 34 mm×36 mm×1.6 mm, operated only from 4.6 GHz to 9.6 GHz. The detailed comparison with other antennas presented in [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] is given in Table 1 . The proposed rectangular ring ultra-wideband planar monopole antenna has a size of 28 mm× 26 mm×1.525 mm with impedance bandwidth of 124.16% and gain varying between 1.89 dBi to 5.2 dBi.
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ANTENNA DESIGN
The antenna was designed by first analyzing a single printed square loop with side lengths equals to one quarter wavelength in the dielectric substrate at the lowest frequency. By parametric analysis and optimization, these dimensions we were changed and up to 4 or 9 connected interior rings were added. As the number of rings increases, impedance matching improves (for |S 11 | < −10 dB) in the ultra-wide band frequency region. The final radiating element of rectangular UWB monopole antenna consists of five rectangular rings. Figure 1 shows the antenna configuration constructed with the nested rectangular rings. These antennas are fabricated on a Rogers's RT5880LZ substrate with dielectric constant of 1.96 (ε r ), loss tangent 0.0019 and thickness of 1.525 mm. The radiating element of the rectangular ring UWB antenna has dimensions 17 mm×11 mm. The width of the outer ring and inner rings are w = 1 mm and I = 0.5 mm and the gap between the rings is G = 0.5 mm as shown in Figure 1(a) . The rectangular ring UWB antenna is fed by tapered microstrip line of width W f 1 = 5 mm to W f 2 = 3.00 mm and length, L f = 9.5 mm. The size of the partial ground plane is 26 mm×7.75 mm as shown in Figure 1 (a). The detailed structure of the radiating element is shown in Figure 1 (b). The fabricated rectangular ring UWB antenna is shown in Figure 3 (a). The final dimensions of the UWB antenna is given in Table 2 . Unlike some of the other UWB designs, the proposed rectangular ring monopole can be scaled to accommodate the lower frequency bands. The radiating element of wideband rectangular ring monopole antenna has an area of 24 mm×20 mm. This antenna is fed with 50-Ω microstrip line. This antenna consists of ten rectangular rings. The width of the outer ring is 1 mm and all the inner rings have a width of 0.5 mm. The wideband antenna design is shown in Figure 2 . The fabricated antenna is shown in Figure 3(b) . This antenna has the ground plane of size 60 mm×27.5 mm. The detailed dimensions are given in Table 3 . The radiating elements of the two antennas are symmetrical along the x-axis and y-axis. The antenna configuration was optimized with CST microwave studios R . The antenna is fabricated using the LPKS-s62 milling machine. The resolution of the machine is 0.01 mm.
Between two rings there are either three, two, or one connection points per side. If the inner length of the outer ring is L, then the center of the connection points are at a combination of three points. Point 'a' is at L/4. Point 'b' is at L/2. Point 'c' is at 3L/4. In the case of three connections 'a', 'b' and 'c' are used. In the case of two connections, only 'a' and 'c' are used. In the case of one connection, only point 'b' is used. The number of connections from outer most to inner most on the five-ring four-gap design is 3, 2, 1, and 1 respectively. For the ten-ring, nine-gap design, the number of connections in order from outermost to innermost gap is 3, 2, 1, 3, 2, 1, 3, 2, and 1. The possible connection configurations is shown in Figure 4 . 
SIMULATED AND MEASURED RESULTS
The effect of the parameters on impedance bandwidth is discussed in this section. The initial length of the rectangular ring UWB antenna ring (L p ) was calculated by quarter wavelength (λ/4) at 3.1 GHz which is equal to 17.2 mm. Where λ is the wavelength in the dielectric substrate. The simulated impedance bandwidths (|S 11 | < −10 dB) of the UWB antenna and wideband antennas with different number of rings are as shown in Figure 5 and Figure 6 respectively. The impedance bandwidths of rectangular ring UWB antenna and wideband antenna with the different ground plane sizes are shown in Figure 7 and Figure 8 . To achieve good impedance matching within the frequency band of operation, parametrical analysis is carried out with different ground plane sizes. The simulated results of the same size planar monopole antenna with the same size (17 mm×11 mm) radiating element gives a much smaller bandwidth from 3.2 GHz to 6.1 GHz, whereas for the larger-sized wideband antenna radiating element (24 mm×20 mm) gives impedance bandwidth from 2.89 GHz to 4.5 GHz. Measured and simulated results of impedance bandwidth is shown in the Figures 9 and 10 . The simulated impedance bandwidth of the rectangular ring UWB antenna is 124.16% from 3.1 GHz to 14.15 GHz, whereas for the scaled version antenna is 93.3% from 1.8 GHz to 4.95 GHz. The measured impedance bandwidth of the rectangular ring UWB antenna is from 3.12 GHz to 12.85 GHz. The variation in the simulated and measured impedance bandwidth is due to imperfections in the fabrication.
The surface current distributions at different frequencies of these antennas are shown in the Figure 11 . At the 3 GHz, the surface current is more concentrated along the feed line, outer edges and as well as over the inner ring edges. At 6 GHz and 9 GHz, the surface current is concentrated on the radiating element outer edges. These currents are causing a resonance at higher frequency. The measured peak gain of the antennas is shown in Figure 12 . The measured peak gain of the rectangular ring UWB is 5.2 dBi at 10.5 GHz. The gain comparison method is used to calculate the gain of the proposed antennas. The rectangular ring wideband antenna has its peak gain of 2.89 dBi at 4.5 GHz. Measured and simulated radiation patterns of the proposed antennas are shown Figures 13 and 14 . The radiation patterns are approximate monopole radiation patterns. The radiation pattern deformed due to the small ground plane size for the high frequency. At higher frequencies, the UWB radiation became more directive causing peak gain appears at 10.5 GHz. The RF cable is effected the performance of the antenna which causes the ripples in the measured patterns. The NSI near field spherical anechoic chamber is used to measure the radiation pattern. 
CONCLUSIONS
The rectangular ring UWB antenna was designed to operate from 3.10 GHz to 14.15 GHz. The overall size of the antenna was optimized to 26 mm×28 mm×1.525 mm. This antenna has a maximum gain of 5.2 dBi. The wideband antenna operates from 1.8 GHz to 4.98 GHz. The frequency of operation could be lowered by increasing the number of rings with optimum sizes. The fractional bandwidths varied between 1.28 and 0.93, and the design was found to be scalable. Even with the scaling of the antenna, the fractional bandwidth will be approximately same. The proposed method of antenna design is easy to fabricate and integrate and can be used to design wideband and ultra-wideband antennas. Similar techniques were shown to be successful for the circular rings and hexagonal rings.
